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(54) OFDM system with additional protection against multipath effects 



(57) A complex multiplier complex-multiplies a car- 
rier modulation signal group for deciding the phases and 
amplitudes of a plurality of carriers which are orthogonal 
to each other on the frequency axis by a complex signal 
group having a predetermined specific pattern which var- 
ies in phase at random. An inverse Fourier transformer 
performs inverse Fourier transformation on an output of 
the complex multiplier, for transforming a digital signal 
which is multiplexed on the frequency axis to an OFDM 
signal on the time axis. A guard interval insertion part 
adds front and rear guard intervals to front and rear parts 
of each symbol of the OFDM signal respectively. The 



front and rear guard intervals include data which are 
identical to those of rear and front end parts of the cor- 
responding symbol respectively. Arithmetic processing 
which is reverse to that on a transmission side is per- 
formed on a receiving side, whereby distortion of 
received data is removed. Thus, the OFDM signal can 
be transmitted with no waveform distortion on a data 
component of each symbol on the frequency axis after 
Fourier transformation even if a reflected wave is super- 
posed on a direct wave due to a multipath. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an orthogonal fre- 
quency division multiplexing (hereinafter referred to as 
OFDM) transmission method, and more specifically, it 
relates to a method of transmitting data between a trans- 
mission side and a receiving side through a wire or wire- 
less transmission path with an orthogonal frequency 
division multiplex signal including symbols of prescribed 
lengths and guard intervals of prescribed lengths which 
are arranged between the symbols. 

Description of the Background Art 

As well known in the art, an OFDM transmission sys- 
tem is adapted to divide coded data and sort the same 
into at least hundreds of carriers, for multiplexing and 
transmitting the data. In relation to digital sound broad- 
casting for movable terminals or terrestrial digital televi- 
sion broadcasting, communication through an OFDM 
signal is recently watched with interest The OFDM sig- 
nal can transmit a large quantity of data at a high speed 
while its characteristics are hardly deteriorated by 
reflected waves even if no waveform equalizer is pro- 
vided. Further, this signal hardly causes a crossfire to 
another service since its signal waveform is close to that 
of a random noise. 

A transmission system employing such an OFDM 
signal is disclosed in "Suitable tor Mobile Receiving of 
OFDM Digital Broadcasting Employing at least Hun- 
dreds of Carriers" by Hajime Fukuchi of the Communi- 
cations Research Laboratory, the Ministry of Posts and 
Telecommunications of Japan, "Data Compression and 
Digital Modulation", Nikkei Electronics Books, issued on 
October 1, 1993. pp. 207 to 222. 

Fig. 13 is a block circuit diagram showing the struc- 
ture of a conventional transmitter 5 for an OFDM signal 
which is disclosed in the aforementioned literature, and 
Fig. 1 4 illustrates the structure of an OFDM signal which 
is transmitted from the transmitter 5 shown in Fig. 13. 
Referring to Fig. 1 3, the transmitter 5 comprises a serial- 
to-parallel converter 52, an inverse Fourier transformer 
53, a parallel-to-serial converter 54, a digital-to-analog 
converter 55, and a low-pass filter 56. Referring to Fig. 
14, (a), (b) and (c) show direct reflected and composite 
waves of the OFDM signal respectively, and (d) shows a 
time window W. 

The serial-to-parallel converter 52 of the transmitter 
5 is supplied with an input symbol train. The input symbol 
train is formed by digitally modulated transmission data, 
and each transmission symbol includes a plurality of data 
values. The digital modulation is performed by QPSK 
(quadriphase phase shift keying) modulation or 1 6 QAM 
(quadrature amplitude modulation). The serial-to-paral- 
lel converter 52 serial-to-paraDel converts the input sym- 



bol train in every syrrtbol, to obtain a plurality of symbol 
trains of a lower speed. The degree of parallelism is iden- 
tical to the number (such as 512, for example, in the 
range of tens to thousands) of a plurality of carriers, 

5 which are orthogonal in phase to each other, employed 
in the inverse Fourier transformer 53. Due to this opera- 
tion, the serial-to-parallel converter 52 outputs a group 
of carrier modulation signals for deciding the amplitudes 
and phases of the plurality of carriers which are 

io employed in the inverse Fourier transformer 53. 

The inverse Fourier transformer 53 allots the carrier 
modulation signals to the respective carriers which are 
lined up on the frequency axis in every symbol so that 
data for one symbol is transformed to a multiplex signal 

is on the frequency axis, and collectively performs inverse 
Fourier transformation on the signals, thereby transform- 
ing the same to a multiplex signal (parallel digital signal 
in this stage) on the time axis. 
y The paraDeMo-serial converter 54 parallel-to-serial 

20 converts the multiplex signal on the time axis, thereby 
forming a OFDM signal. The digital-to-analog converter 
55 converts the OFDM signal to an analog OFDM base- 
band signal. The low-pass filter 56 limits the band of the 
OFDM baseband signal, so that no channel-to-channel 

25 interference is caused by aliasing. 

Following the aforementioned series of operations, 
the transmitter 5 outputs the OFDM signal including 
guard intervals Gm and symbols Sm to the transmission 
path, as shown in Fig. 14. A demodulator (not shown) 

30 carries out signal processing which is reverse to that of 
the modulator 5 on the OFDM signal received through 
the transmission path, to reproduce an output symbol 
train which is identical to the input symbol train. 

The so-called multipath is caused on the transmis- 

35 sion path. Therefore, the receiver receives direct waves 
of the OFDM signal transmitted from the transmitter and 
reflected waves which are time-delayed from the direct 
waves in superposition. If a reflected wave (see (b) in 
Fig. 14) by the multipath is superposed on a direct wave 

40 (see (a) in Fig. 14) in the symbol Sm, for example, an 
interference part am with the guard interval Gm of the 
reflected wave is caused on a front end part of the symbol 
Sm of a composite wave (see (c) in Fig. 14), while an 
interference part pm with a symbol Sm-1 of the reflected 

45 wave is caused on a front end part of the guard interval 
Gm. At this time, the interference part pm which is dis- 
placed from the time window W exerts no influence on 
Fourier transformation of the symbol Sm. However, the 
interference part am is caused in the time window W 

so while the data component of the guard interval Gm is "0", 
and hence waveform distortion is disadvantageous^ 
caused on the data component of each symbol Sm on 
the frequency axis after the Fourier transformation. 
On the other hand, a time delay is caused in the 

55 OFDM signal before the same reaches the receiver from 
the transmitter, due to delay characteristics of the trans- 
mission path, deviation in sampling timing resulting from 
mismatching between clocks of the digital-to-analog 
converter on the transmission side and an analog-to-dig- 
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ital converter on the receiving side, and the like. In the 
receiver, therefore, the time window W must disadvanta- 
geous!/ be adjusted on the time axis. 

The carrier modulation signals which are outputted 
from the serial-to-parallel converter 52 may not be out of s 
phase with each other, but may be completely in phase 
with each other. For example, the carrier modulation sig- 
nals are completely in phase with each other when a 
silent state is transmitted in excess of one symbol period 
in digital sound broadcasting or when a monochromatic to 
picture is transmitted in excess of one symbol period in 
terrestrial digital television broadcasting. Also in the case 
of transmitting a sounding state or a multicolor picture, 
the earner modulation signals tend to be completely in 
phase with each other in a digital modulation system is 
such as the QPSK modulation or the 16 QAM, due to a 
limited number of signal points which are out of phase 
with each other. 

When the carrier modulation signals are completely 
in phase with each other as descrtoed above and these so 
signals are subjected to inverse Fourier transformation, 
nodes of the respective carriers match with each other 
on the time axis and addition/increase parts are concen- 
trated to one portion on the time axis, and hence the 
OFDM signal has an impulsive signal waveform on the 2S 
time axis, to cause power concentration. Figs. 15(a) to 
15(d) show this situation. 

Referring to Fig. 15(a), a group of n carrier modula- 
tion signals for modulating n carriers which are orthogo- 
nal to each other respectively are completely in phase so 
with each other on a complex plane. Referring to Fig. 
15(b), the n carriers which are modulated by the n carrier 
modulation signals shown in Fig. 15(a) are multiplexed 
on the time axis. When the carrier modulation signals are 
thus completely in phase with each other, the OFDM sig- 35 
nal becomes an impulsive waveform signal. Referring to 
Fig. 15(c), on the other hand, a group of n carrier mod- 
ulation signals for modulating n carriers which are 
orthogonal to each other respectively are at random in 
phase on a complex plane. Referring to Fig. 1 5(d), the n 40 
earners which are modulated by the n carrier modulation 
signals shown in Fig. 15(c) are multiplexed on the time 
axia When the carrier modulation signals are thus com- 
pletely out of phase from each other, the OFDM signal 
is enenly diffused on the time axis, and becomes a ran- 45 
dom waveform signal. 

As hereinabove described, the OFDM signal has an 
impulsive waveform to extremely increase the maximum 
power when the carrier modulation signals are com- 
pletely in phase with each other, and hence the OFDM so 
signal is disadvantageous^ readily influenced by nonlin- 
earrty of the transmitter, the receiver, a relay amplifier 
such as a satellite or a CATV included in the transmission 
path and the like. In this case, the dynamic ranges of the 
transmitter, the receiver, the relay amplifier and the like ss 
may be increased to exert no influences of nonlinearrty 
on the impulsive OFDM signal, while the cost for the 
transmitter, the receiver, the relay amplifier and the like 
is disadvantageous^ increased in this case. 



SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a method of transmitting an OFDM signal which 
causes no waveform distortion in a data component of 
each symbol on the frequency axis after Fourier trans- 
formation even if a reflected wave is superposed on a 
direct wave through a muttipath, and a transmitter and a 
receiver therefor. 

Another object of the present invention is to provide 
a method of transmitting an OFDM signal which can 
readily adjust a time window on the time axis even if a 
time delay is caused in the OFDM signal before the same 
reaches a receiving side from a transmission side, and 
a transmitter and a receiver therefor. 

Still another object of the present invention is to pro- 
vide a method of transmitting an OFDM signal which can 
reduce an influence of nonlinearrty on the OFDM signal 
in a low-priced structure, and a transmitter and a receiver 
therefor. 

A first aspect of the present invention is directed to 
a method of transmitting an orthogonal frequency divi- 
sion multiplex signal in every symbol of a prescribed 
length from a transmission side to a receiving side 
through a wire or wireless transmission path, and the 
method comprises: 

a first step of transforming a carrier modulation 
signal group deciding the phases and amplitudes of a 
plurality of carriers which are orthogonal to each other 
on the frequency axis to the orthogonal frequency divi- 
sion multiplex signal on the time axis by performing 
inverse Fourier transformation in every symbol; and 

a second step of adding front and rear guard inter- 
vals, including data which are identical to those of rear 
and front end parts of each symbol of the orthogonal fre- 
quency division multiplex signal, to front and rear parts 
of the symbol respectively and transmitting the same to 
the receiving side. 

According to the first aspect of the present invention, 
as hereinabove described, the front and rear guard inter- 
vals including the data which are identical to those of 
parts of each symbol are added to the front and rear 
parts of the symbol in transmission of each symbol of the 
OFDM signal, whereby all data components in a single 
symbol interval which are lined up on the time axis can 
be reproduced on the receiving side even if a time win- 
dow in the Fourier transformation is slightly displaced 
from the symbol interval of the received signal. There- 
fore, it is not necessary to correctly coincide the time win- 
dow with the symbol interval even if a time delay is 
caused in the OFDM signal before the same reaches the 
receiving side from the transmission side, whereby the 
time window can be readily adjusted on the time axis. 
Even if a symbol interval of a direct wave is superposed 
with a guard interval of a reflected wave due to a multi- 
path, further, amplitude/phase distortion of each data 
component appearing on the frequency axis after the 
Fourier transformation on the receiving side is homoge- 
neous in every symbol. Therefore, such waveform dis- 
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tortion can be readily removed from data components on 
the frequency axis of one symbol interval on the receiv- 
ing side by simple arithmetic processing such as multi- 
plication or addition. 

In a preferred embodiment of the aforementioned s 
first aspect, the carrier modulation signal group is com- 
plex-multiplied by a reference complex signal group on 
the frequency axis, so that the complex multiplication 
result is transformed to an OFDM signal and transmitted 
to the receiving side. On the receiving side, on the other 10 
hand, the OFDM signal which is transmitted from the 
transmission side is transformed to a receiving carrier 
modulation signal group so that this receiving carrier 
modulation signal group is complex-divided by the refer- 
ence complex signal group on the frequency axis. Even is 
if a time delay is caused in the OFDM signal between the 
transmission side and the receiving side, therefore, mod- 
ulated data can be obtained on the receiving side with 
no influence by the time delay. 

As to the reference complex signal group for com- 20 
plex-multiplying the carrier modulation signal group, a 
result of complex multiplication which is carried out in 
advance of a constant symbol may be employed with 
respect to each symbol of the carrier modulation signal 
group. 25 

Alternatively, the reference complex signal group 
may be prepared from a complex signal group having a 
predetermined specific pattern with signals which vary 
in phase at random. In this case, a complex multiplication 
result which is obtained in a third step is ordinarily trans- 30 
formed to an OFDM signal, while the reference complex 
signal group is periodically transformed to an OFDM sig- 
nal. Thus, the absolute reference phases of the respec- 
tive signals of the carrier modulation signal group are 
random values, whereby the OFDM signal obtained by 35 
the inverse Fourier transformation can be suppressed 
from time concentration of power. Thus, it is not neces- 
sary to increase the dynamic ranges of the transmitter, 
the receiver and the transmission path but influences 
exerted by nonlinearity of the transmitter, the receiver 40 
and a relay amplifier on the OFDM signal can be reduced 
through a low-priced structure. 

A second aspect of the present invention is directed 
to a transmitter for an orthogonal frequency division mul- 
tiplex signal, which is an apparatus for transmitting the 45 
orthogonal frequency division multiplex signal to a 
receiving side in every symbol of a prescribed length 
through a wire or wireless transmission path, and the 
transmitter comprises: 

a memory part storing a reference complex signal so 

group: 

a complex multiplication part, compl ex-murtipfy- 
ing a carrier modulation signal group deciding the 
phases and amplitudes of a plurality of carriers which are 
orthogonal to each other on the frequency axis, by the ss 
reference complex signal group stored in the memory 
part on the frequency axis, for outputting a transmission 
earner modulation signal group; 

an inverse Fourier transformation part performing 



an inverse Fourier operation on the transmission carrier 
modulation signal group which is outputted from the 
complex multiplication part in every symbol thereby 
transforming the transmission carrier modulation signal 
group to the orthogonal frequency division multiplex sig- 
nal on the time axis; 

a guard interval addition part adding front and rear 
guard intervals, including data which are identical to 
those of rear and front end parts of each symbol of the 
orthogonal frequency division multiplex signal outputted 
from the inverse Fourier transformation part, to front and 
rear parts of the symbol respectively; and 

a transmission part transmitting the orthogonal 
frequency division multiplex signal having the added 
front and rear guard intervals to the receiving side in 
every symbol. 

In a preferred embodiment of the aforementioned 
second aspect, the memory part stores a complex mul- 
tiplication result of the complex multiplication part which 
is precedent to a constant symbol as the reference com- 
plex signal group. 

In another preferred embodiment of the aforemen- 
tioned second aspect, the memory part stores a prede- 
termined complex signal group as the reference complex 
signal group. On the other hand, the complex multiplica- 
tion part complex-multiplies the carrier modulation signal 
group by the reference complex signal group which is 
stored in the memory part on the frequency axis and out- 
puts the result. Further, the inverse Fourier transforma- 
tion part ordinarily transforms the complex multiplication 
result which is outputted from the complex multiplication 
part to an orthogonal frequency division multiplex signal 
in every symbol, and periodically transforms the refer- 
ence complex signal group which is outputted from the 
memory part to an orthogonal frequency division multi- 
plex signal. 

According to the aforementioned second aspect, the 
memory part may hold an output of a pseudo-noise sig- 
nal generation part generating a pseudo-noise signal or 
that of a frequency sweep signal generation part gener- 
ating a frequency sweep signal as the reference complex 
signal group. 

A third aspect of the present invention is directed to 
a receiver for an orthogonal frequency division multiplex 
signal, which is an apparatus for receiving the orthogonal 
frequency division multiplex signal transmitted from a 
transmission side in every symbol of a prescribed length 
through a wire or wireless transmission path, and the 
receiver comprises: 

a Fourier transformation part performing a Fourier 
transformation operation on the orthogonal frequency 
division multiplex signal on the time axis in every symbol 
thereby transforming the orthogonal frequency division 
multiplex signal to a receiving carrier modulation signal 
group on the frequency axis; 

a memory part storing the receiving carrier mod- 
ulation signal group which is outputted from the Fourier 
transformation part in every symbol as a receiving refer- 
ence complex signal group; and 
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a complex division part complex-dividing the 
receiving carrier modulation signal group which is out- 
putted from the Fourier transformation part by the receiv- 
ing reference complex signal group which is stored in the 
memory part on the frequency axis. 

A fourth aspect of the present invention is directed 
to a method of transmitting an orthogonal frequency divi- 
sion multiplex signal from a transmission side to a receiv- 
ing side in every symbol of a prescribed length through 
a wire or wireless transmission path, and the method 
comprises: 

a first step of forming a earner modulation signal 
group for deciding the phases and amplitudes of a plu- 
rality of earners which are orthogonal to each other on 
the frequency axis in every symbol; 

a second step of generating a complex signal 
group having a predetermined specific pattern with sig- 
nals varying in phase at random; 

a third step of complex-multiplying the carrier 
modulation signal group by the complex signal group on 
the frequency axis in every symbol, thereby randomizing 
phases of respective signals of the carrier modulation 
signal group; and 

a fourth step of ordinarily transforming the carrier 
modulation signal group having the signals which are 
randomized in phase in the third step to an orthogonal 
frequency division multiplex signal on the time axis by 
inverse Fouriertransformation in every symbol, and peri- 
odically transforming the complex signal group to an 
orthogonal frequency division multiplex signal by inverse 
Fourier transformation, for transmitting the same to the 
receiving side respectively. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the structure of a 
transmitter 1 according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing the structure of a 
receiver 2 according to the first embodiment of the 45 
presentinvention; 

Fig. 3 illustrates the structure of an OFDM signal 
which is transmitted from the transmitter 1 shown in 
Fig. 1; 

Fig. 4 illustrates operations of a memory 14 and a so 

complex multiplier 13 shown in Fig. 1 ; 

Fig. 5 illustrates operations of an envelope wave 

detector 23 and a synchronous reproducer 24 of the 

receiver 2 with respect to the OFDM signal which is 

outputted from the transmitter 1 shown in Fig. 1 ; ss 

Fig. 6 illustrates operations of a memory 26 and a 

complex divider 27 shown in Fig. 2; 

Fig. 7 illustrates comparative results of a simulation 

for comparing a conventional system and the system 



according to the first embodiment with each other in 
relation to influences exerted by delayed waves by 
multipaths; 

Fig. 8 illustrates results of a simulation for comparing 
the conventional system and the system accoiding 
to the first embodiment with each other in relation to 
influences exerted by time delays through transmis- 
sion paths etc.; 

Fig. 9 is a block diagram showing the structure of a 
transmitter according to a second embodiment of 
the present invention; 

Fig. 10 illustrates the situation of a complex multipli- 
cation of a carrier modulation signal group by a com- 
plex signal group in a complex multiplier 13 shown 
in Fig. 9; 

Fig. 11 illustrates operations of a memory 14 and 

the complex multiplier 13 shown in Fig. 9; 

Fig. 12 is a signal structural diagram showing the 

structure of an OFDM signal which is transmitted 

from the transmitter shown in Fig. 9; 

Fig. 13 is a block diagram showing the structure of 

a conventional transmitter 5 for an OFDM signal ; 

Fig. 14 illustrates the structure of the OFDM signal 

which is transmitted from the transmitter 5 shown in 

Fig. 13; and 

Figs. 15(a) to 15(d) are signal waveform diagrams 
showing the relations between phase states of car- 
rier modulation signal groups allotted to carriers 
which are orthogonal to each other and OFDM sig- 
nals respectively. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

With reference to the drawings, description is now 
made on embodiments of a method of transmitting an 
OFDM signal, and a transmitter and a receiver employed 
therefor according to the present invention. 

Fig. 1 is a block diagram showing a transmitter 1 
according to a first embodiment of the present invention, 
Fig. 2 is a block diagram showing the structure of a 
receiver 2 according to the first embodiment of the 
present invention, and Fig. 3 illustrates an exemplary 
structure of an OFDM signal which is employed in the 
present invention. Referring to Fig. 3, (a) and (b) show 
direct and reflected waves of the OFDM signal respec- 
tively and (c) and (d) show direct and reflected waves of 
the OFDM signal causing time delays respectively, while 
(e) shows a time window W. 

The transmitter 1 shown in Fig. 1 and the receiver 2 
shown in Fig. 2 are connected with each other through 
a transmission path (not shown) such as a coaxial cable 
or an optical fiber cable. The transmitter 1 and the 
receiver 2 are employed in a digital CATV system, for 
example. The transmitter 1 is adapted to transmit picture 
data for multiple channels of a television, for example, to 
the receiver 2 through an OFDM signal. 

Referring to Fig. 1 , the transmitter 1 comprises a car- 
rier modulation signal generator 12, a complex multiplier 
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13, a memory 14, an inverse Fourier transformer 15, a 
guard interval insertion part 16, a synchronizing signal 
multiplexing part 17, a digital-to-analog converter 18, 
and a low-pass filter 19. 

The carrier modulation signal generator 12 of the 
transmitter 1 receives transmitted digital data (bit stream 
signal) to be transmitted to the receiver 2. The carrier 
modulation signal generator 12 digital-modulates the 
inputted transmitted digital data and serial-to-parallel 
converts the same in every symbol interval, thereby con- 
verting the data to a carrier modulation signal group 
including n (51 2, for example, in the range of tens to thou- 
sands) carrier modulation signals for modulating n carri- 
ers which are orthogonal to each other. The digital 
modulation is performed by QPSK modulation or 16 
QAM. The carrier modulation signal group in this stage 
is similar to that outputted from the serial-to-parallel con- 
verter 52 (see Fig. 13) of the conventional transmitter. 
The carrier modulation signal group which is outputted 
from the carrier modulation signal generator 12 is sup- 
plied to the complex multiplier 13. The memory 14 can 
store such a carrier modulation signal group D'm output- 
ted from the complex multiplier 13 for one symbol. When 
a earner modulation signal group Dm is inputted in the 
complex multiplier 13, the memory 14 outputs a carrier 
modulation signal group D'm-1, which is precedent to 
one symbol, stored therein to the complex multiplier 13 
as a prescribed reference complex signal group. The 
complex multiplier 13 complex-multiplies the inputted 
transmission signal group Dm by the reference complex 
signal group D'm-1 which is precedent by one symbol on 
the frequency axis, thereby forming the following carrier 
modulation signal group: 

D'm (D'm = Dm x D f m-1) 

Assuming that Dm[k]real represents the real 

number part of a k-th (k - 1 , 2 n) carrier modulation 

signal of the carrier modulation signal group, including n 
carrier modulation signals, which is inputted in the com- 
plex multiplier 13 and Dm[k]imag represents the imagi- 
nary number part thereof while D'm-1 [k] real represents 
the real number part of the k-th carrier modulation signal 
which is stored in the memory 1 4 and D'm-1 [K|imag rep- 
resents the imaginary number part thereof, the complex 
multiplier 13 carries out multiplication processing as to 
the real and imaginary number parts of each carrier mod- 
ulation signal, for outputting: 

D*m[k]real = Dm[k]real x D'm-1 [kjreal 

D'm[k]imag « Dm[k]imag x D'm-1 [k]imag 

The memory 14 stores the carrier modulation signal D'm 
(including D'm[k]real and D'mlklimag) of the real and 
imaginary numbers outputted from the complex multi- 
plier 1 3. As shown in Fig. 4, the memory 14 and the com- 
plex multiplier 13 repeatedly execute the aforementioned 
operations. 



The inverse Fourier transformer 15 successively 
allots the respective carrier modulation signals included 
in the carrier modulation signal group D'm which is out- 
putted from the complex multiplier 13 to the respective 

5 carriers which are lined up on the frequency axis in every 
symbol interval, collectively performs inverse Fourier 
transformation thereon, and further performs parallel-to- 
serial conversion, thereby transforming the carrier mod- 
ulation signal group multiplexed with the respective data 

10 components on the frequency axis to an OFDM signal 
D'mt multiplexed with the respective data components 
on the time axis. 

The guard interval insertion part 16 temporarily 
stores the digital OFDM signal D'mt which is outputted 

is from the inverse Fourier transformer 15 in its internal 
buffer in every symbol interval. Then, the guard interval 
insertion circuit 16 adds front and rear guard intervals 
Ghm and Gem to front and rear parts of each symbol Sm 
(see Fig. 3). Time lengths tg1 and tg2 of the front and 

20 rear guard intervals Ghm and Gem are prescribed in 
consideration of time difference between direct and indi- 
rect waves due to a multipath caused in the transmission 
path and time delays resulting from sampling deviation 
between the digital-to-analog converter 18 of the trans- 

25 miner 1 and an analog-to-digital converter 22 of the 
receiver 2. Further, the front and rear guard intervals 
Ghm and Gem include data D'emt and Dtimt which are 
identical to those of rear and front end parts Sem and 
Shm of the corresponding symbol Sm respectively. Thus, 

so the substantial symbol length is extended to 
tg1 + ts + tg2 . The guard interval insertion part 16 suc- 
cessively outputs the data D'emt, D'm and D'hmt through 
the front guard interval Ghm, the symbol Sm and the rear 
guard interval Gem. 

35 The synchronizing signal multiplexing part 1 7 multi- 
plexes a synchronizing signal on the OFDM signal to 
which the guard intervals are added on the time axis in 
every symbol in order to indicate the breakpoint of the 
symbol, and outputs the signal to the digital-to-analog 

40 converter 18. The synchronizing signal is formed by a 
periodically known nonmodulaied carrier, a suppression 
signal etc. with respect to the OFDM signal, as shown at 
(a) in Fig. 5, for example. 

The digital-to-analog converter 18 converts the 

45 OFDM signal of the digital data, to which the guard inter- 
vals and the synchronizing signal are added, outputted 
from the synchronizing signal multiplexing part 17 to an 
analog OFDM baseband signal. The low-pass filter 19 
limits the band of the OFDM baseband signal, so that no 

so channel-to-channel interference is caused by aliasing. 

As the result of the aforementioned series of opera- 
tions, the transmitter 1 outputs the OFDM signal includ- 
ing the guard intervals and the synchronizing signal to 
the transmission path. 

55 Referring to Fig. 2, the receiver 2 comprises a low- 
pass filter 21, the analog-to-digital converter 22, an enve- 
lope detector 23, a synchronous reproducing part 24, a 
Fourier transformer 25, a memory 26, a complex divider 
27, and a transmission data reproducer 28. 
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The low-pass filter 21 removes unnecessary spec- 
tral components of a high-frequency region from the 
OFDM signal which is received through the transmission 
path. 

In consideration of a time delay At caused by the s 
multipath or the delay characteristics of the transmission 
path, the OFDM signal which is received in the receiver 
2 is represented by ZD'mt, where Z represents the signal 
delay as follows: 

10 

Z = expj2nfcAt 

The analog-to-digital converter 22 converts data 
ZD'emt, ZD'mt and ZD'hmt which are included in the front 
guard interval Ghm, the symbol Sm and the rear guard is 
interval Gem of the analog OFDM signal respectively to 
those of a digital OFDM signal. 

The envelope detector 23 envelope-detects the 
OFDM signal, thereby outputting an envelope detection 
signal shown at (b) in Fig. 5 in every symbol. The syn- so 
chronous reproducing part 24 outputs a reference timing , 
signal shown at (c) in Fig. 5 in every symbol on the basis 
of the envelope detection signal outputted from the enve- 
lope detector 23. This reference timing signal is inputted 
in the Fourier transformer 25 and the memory 26. 25 

The Fourier transformer 25 observes the OFDM sig- 
nal which is outputted from the analog-to-digital con- 
verter 22 in synchronization with the reference timing 
signal through the time window W (see (e) in Fig. 3) of 
the same length as the symbol length ts, thereby extract- 30 
ing only necessary data parts of the respective symbols. 
The Fourier transformer 25 further performs Fourier 
transformation operations on the extracted data parts, 
thereby transforming the OFDM signal on the time axis 
to a receiving carrier modulation signal group on the f re- 35 
quency axis. 

The memory 26 stores the receiving carrier modu- 
lation signal group which is outputted from the Fourier 
transformer 25 for one symbol. When the transmitter 1 
transmits data D'm, the memory 26 stores data ZD'm as 40 
corresponding data. The data ZD'm is obtained by add- 
ing a time delay Z caused by the multipath or the trans- 
mission path to the data D'm, as follows: 

ZDtn = D'm x expj2rcfcAt 45 

The memory 26 outputs the data ZD'm to the complex 
divider 27 in synchronization with the reference timing 
signal. The complex divider 27 establishes synchroniza- 
tion, and then complex-divides data ZD'm+1 of a symbol so 
Sm+1 which is outputted from the Fourier transformer 25 
by the data ZD'm held in the memory 26. Namely, the 
complex divider 27 performs the following operation: 

ZD'm+1/ZD'm = D'm+1/D'm = Dm+1 55 

As shown in Fig. 6, the Fourier transformer 25, the mem- 
ory 26 and the complex divider 27 repeatedly execute 
the aforementioned operations. 



As hereinabove described, a relative time delay is 
caused between the direct and reflected waves shown 
at (a) and (b) in Fig. 3, due to the multipath. Further, spe- 
cific time delays are caused in the direct and reflected 
waves, due to the difference in sampling timing between 
the digital-to-analog converter 1 8 of the transmitter 1 and 
the analog-to-digital converter 22 of the receiver 2 (see 
(c) and (d) in Fig. 3). These time delays are not taken 
into consideration in the Fourier transformer 25 as to the 
reference timing signal, and hence positions of the 
receiving side time window W on the time axis are dis- 
placed from the symbol intervals of the received signal, 
as shown at (e) in Fig. 3. 

Even if the time window W is displaced from correct 
symbol intervals in the Fourier transformer 25 of the 
receiving side, however, the data observed through the 
time window W include all data ZD'mt on the time axis 
which must be originally included in one symbol interval 
since the front and rear guard intervals Ghm and Gem 
include the data ZD'emt and ZD'hmt respectively. There- 
fore, the time delays and superposition of the reflected 
waves appear as uniform amplitude/phase distortion in 
every data component on the frequency axis. When the 
time delays and the characteristics of the reflected waves 
are uniform, the values of the amplitude/phase distortion 
in the respective symbol intervals are equal to each 
other. According to this embodiment, the complex divider 
27 complex-divides the data ZD'm+1 of the symbol 
Sm+1 which is outputted from the Fourier transformer 25 
by the data ZD'm held in the memory 26, thereby cance- 
ling the data delay Z and obtaining the original carrier 
modulation signal group Dm+1 with no delay. Namely, 
the amplitude/phase distortion is canceled by the follow- 
ing operation of the complex divider 27: 

ZD'm+1 /ZD'm = D'm+1/D'm = Dm+1 

Thus, data Dm having no phase/amplitude distortion can 
be obtained as to each symbol. 

According to this embodiment as hereinabove 
described, the guard intervals including the data which 
are identical to those of the front and rear end parts of 
each symbol are added to the front and rear parts of the 
symbol respectively for transmitting the data, whereby all 
data components in one symbol interval which are lined 
up on the time axis can be reproduced on the receiving 
side as to both of the direct and reflected waves in the 
time window W. Therefore, the respective data compo- 
nents appearing on the frequency axis after the Fourier 
transformation are uniform in amplitude/phase distortion 
even if the reflected waves are superposed on the direct 
waves by the multipath to result in superposition of the 
symbol intervals of the direct waves and the guard inter- 
vals of the reflected waves. Therefore, waveform distor- 
tion can be readily removed from the receiving carrier 
modulation signal group on the frequency axis of one 
symbol interval by executing proper operations (multipli- 
cation and division) on the transmission and receiving 
sides. 
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According to this embodiment, further, demodulated 
data can be obtained with no time delay even if a time 
delay is caused in the OFDM signal between the trans- - 
mission and receiving sides, by complex-multiplying and 
complex-dividing the receiving carrier modulation signal 5 
group by the prescribed reference complex signal group 
on the frequency axis. Consequently, it is not necessary 
to correctly coincide the time window with the symbol 
interval. 

The transmission data reproducer 28 demaps signal 10 
points of the receiving carrier modulation signal group 
Dm which is outputted from the complex divider 27 on a 
complex plane and decides the signal points, thereby 
obtaining a receiving digital signal group which is identi- 
cal in value to the transmission digital signal group of the 1 s 
transmitter 1. As hereinabove described, phase distor- 
tion and amplitude distortion are removed from the 
receiving carrier modulation signal group Dm. Therefore, 
the transmission data reproducer 28 can correctly and 
readily determine the original data from the mapping 20 
positions on the complex plana 

The inventors have made simulations of comparing 
the system according to this embodiment with the con- 
ventional system with respect to influences exerted by 
waves delayed by multipaths and those exerted by time 25 
axis delays respectively through a calculator. Each sim- 
ulation was executed on such conditions that the carrier 
number was 512, only data of a 256-th carrier had an 
amplitude "1 - and a phase "0", and all data of the remain- 
ing carriers were "0". 30 

Fig. 7 illustrates the results of the simulation for com- 
paring the system according to this embodiment with the 
conventional system as to the influences exerted by 
waves delayed by multipaths. Referring to Fig. 7, (a), (b), 
(c) and (d) show data distortion states in the case of 35 
transforming direct, indirect, composite and composite 
waves in the conventional system to signals on the fre- 
quency axis by Fourier operations respectively. On the 
other hand, (e), (f), (g) and (h) show data distortion states 
in the case of converting direct, indirect, composite and 40 
composite waves in the system according to this embod- 
iment to signals on the frequency axis by Fourier opera- 
tions respectively. 

In the conventional system, no data is inserted in any 
guard interval (see a1 at (b) in Fig. 7), and hence an inter- 45 
ference part a2 appears in a time window W of the com- 
posite wave (see (c) in Rg. 7). When the cortposite wave 
is transformed to a signal on the frequency axis by a Fou- 
rier operation in the time window W, therefore, the spec- 
trum of the data of the 256-th carrier is spread and the so 
data of the remaining carriers, which must have originally 
been "0", are distorted. Thus, the transmission data 
reproducer 28 readily causes an erroneous determina- 
tion. Further, the transmission data reproducer 28 also 
readily causes erroneous determinations as to other car- ss 
riers. In the system according to this embodiment, on the 
other hand, data are Inserted in the guard intervals and 
hence no influences are exerted on the data of the 
remaining carriers. 



Rg. 8 illustrates the results of the simulation for com- 
paring the system according to this embodiment with the 
conventional system as to the influences exerted by time 
delays caused by transmission paths etc. Referring to 
Fig. 8, (a) shows a spectrum obtained under such con- 
ditions that only the data of the 256-th carrier had an 
amplitude "1" and a phase "0", and (b) shows a signal 
waveform in the case of transforming the data at (a) to a 
signal on the time axis by an inverse Fourier operation. 
Referring to Rg. 8, further, (c) and (d) show data distor- 
tion states in the case of transforming composite and 
composite waves causing time delays in the conven- 
tional system to signals on the frequency axis by Fourier 
operations respectively. On the other hand, (e) and (f) 
show data distortion states in the case of transforming 
composite and composite waves causing time delays in 
the system according to this embodiment to signals on 
the frequency axis by Fourier operations respectively. 

In the conventional system, no data is inserted in any 
guard interval (see a1 at (c) in Rg. 8), and hence an inter- 
ference part a2 appears in a time window W of the com- 
posite wave, similarlvto the case shown at (c) in Rg. 7. 
When the composite/wave is transformed to a signal on 
the frequency axis by a Fourier operation in the time win- 
dow W, therefore, thp spectrum of the data of the 256-th 
carrier is spread and the data of the remaining carriers, 
which must have originally been "0", are distorted, as 
shown at (d) in Rg. 8. Thus, the transmission data repro- 
ducer 28 readily causes erroneous determinations also 
as to other carriers. In the system according to this 
embodiment, on the other hand, data are inserted in the 
guard intervals and hence no influences are exerted on 
the data of the remaining carriers. 

Rg. 9 is a block diagram showing the structure of a 
transmitter 3 according to a second embodiment of the 
present invention. In the transmitter 3 shown in Rg. 9, 
portions corresponding to those of the transmitter 1 
shown in Fig. 1 are denoted by the same reference 
numerals, to omit redundant description. As to the 
embodiment shown in Rg. 9, it is to be noted that a mem- 
ory 14 holds an output of a specific pattern generator 31 , 
i.e., a complex signal group DO having a predetermined 
specific pattern with signals which mutually vary in phase 
at random. Such a complex signal group DO can be 
formed by a pseudo-noise signal generator comprising 
a PN series pseudo-random signal generator for gener- 
ating a pseudo-random signal which is at a level between 
zero and 1 and a multiplier for multiplying the pseudo- 
random signal by 2k for generating a unit vector signal 
in a phase having a random value in the range of zero to 
2n and an amplitude of 1 , for example. Alternatively, the 
complex signal group DO can be formed by a frequency 
sweep signal generator for generating a known fre- 
quency sweep signal in a phase having a random value 
in the range of zero to 2rc 

A complex multiplier 13 complex-multiplies data Dm 
of each symbol interval by data DO on the frequency axis 
every time data Dm is inputted for forming data D'm 
( D'm m Dm x DO ), thereby randomizing mutual phases 
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of respective carrier modulation signals included in a car- 
rier modulation signal group to specific patterns. 

Fig. 10 illustrates a complex multiplication operation 
in the complex multiplier 13. In particular, (a) in Fig. 10 
shows arrangement of signal points which can be taken s 
by the carrier modulation signals when 16 QAM is 
employed as a modulation system, (b) shows a unit vec- 
tor i whose phase varies at random, and (c) shows a car- 
rier modulation signal whose phase is randomized to a 
specific pattern. 

Referring to (a) in Fig. 1 0, it is assumed that a carrier 
modulation signal included in a carrier modulation signal 
group which is allotted to one carrier is arranged at a sig- 
nal point A on a complex plane. The signal A has a real 
number part of 3 and an imaginary number part of 1 . It 
is also assumed that the unit vector i has a phase angle 
of 3tc/4 at this time. A carrier modulation signal A' shown 
at (c) in Fig. 10 is obtained as the result of a complex 
multiplication. The carrier modulation signal A* has a real 
number part of - 2.8 and an imaginary number part of 
1.4, and takes a signal point which is not present in the 
arrangement of the 1 6 QAM. Thus, the phase of the unit 
vector i varies at random, and hence the complex multi- 
plier 1 3 outputs a carrier modulation signal group having 
signals whose phases are mutually randomized to an 
inverse Fourier transformer 15 even if respective carrier 
modulation signals included in a carrier modulation sig- 
nal group which is outputted from a carrier modulation 
signal generator 12 are in phase with each other. 

The complex multiplier 1 3 repeats such an operation 
for a prescribed period. Further, the complex multiplier 
13 periodically outputs only the data DO. Fig. 11 shows 
a series of such operations. Assuming that SO repre- 
sents a symbol in which the data DO is inserted, the 
transmitter 3 periodically outputs the data DO of the sym- 
bol SO while outputting data Dm of a symbol Sm in other 
case, as shown in Fig. 12. The inverse Fourier trans- 
former 1 5 allots the carrier modulation signal group DYn 
to respective carriers which are lined up on the frequency 
axis in every symbol, and collectively performs inverse 
Fourier transformation and parallel-to-serial conversion 
thereon, thereby converting the same to a digital OFDM 
signal. Consequently, absolute reference phases of the 
carrier modulation signal group are at random values in 
the range of zero to 2n whereby the OFDM signal out- 
putted from the inverse Fourier transformer 15 can be 
suppressed from power concentration. Thus, it is not 
necessary to increase the dynamic ranges of the trans- 
mitter 3 and a receiver but influences exerted on the 
OFDM signal by nonlinearity of the transmitter, the 
receiver, a relay amplifier etc. can be reduced through a 
low-priced structure. The remaining circuit blocks in the 
transmitter 3, i.e., those from a guard interval insertion 
part 1 6 to a low-pass fitter 1 9, operate similarly to those 
in the transmitter 1. 

The guard interval insertion part 16 inserts a data 
component DO which is identical to that of a rear end part 
of the symbol SO in a corresponding front guard interval, 
while inserting a data component which is identical to 



that of a front end part of the symbol SO in a correspond- 
ing rear guard interval, similarly to the case of the symbol 
Sm. 

When the transmitter 3 shown in Fig. 9 is employed, 
a receiver of the same structure as the receiver 2 shown 
in Fig. 2 can basically be employed. In this case, how- 
ever, a memory 26 of the receiver stores receiving data 
ZDO of a reference complex signal group DO which is 
stored in the memory 14 of the transmitter 3. 

Also in the embodiment shown in Fig. 9, an effect 
similar to that of the aforementioned first embodiment 
can be attained. Namely, amplitude/phase distortion of 
a receiving carrier modulation signal groip appearing on 
the frequency axis after Fourier transformation is entirely 
uniform even if reflected waves are superposed on direct 
waves by a multipath and symbol intervals of the direct 
waves are superposed with guard intervals of the 
reflected waves, and can be removed by simple opera- 
tions (multiplication and division). Further, demodulated 
data can be obtained with no influence by a time delay 
even if such a time delay is caused in the OFDM signal 
between the transmission and receiving sides, whereby 
a time window can be readily adjusted on the time axis. 

While the data are transmitted through wire trans- 
mission paths in the aforementioned embodiments, the 
present invention is not restricted to this but data may 
alternatively be transmitted through a wireless transmis- 
sion path. While television picture data for multichannels 
are carried on the respective carriers in the aforemen- 
tioned embodiments, picture data for one channel may 
alternatively be time-shared and sequenced in a parallel 
manner, to be allotted to respective carriers. Further, 
voice data, text data or the like may be carried on the 
respective carriers, in place of the picture data. In addi- 
tion, the present invention may alternatively be earned 
out in another system such as LAN or WAN, in place of 
the CATV. 

While the reference complex signal group outputted 
from the memory 1 4 is periodically inputted in the inverse 
Fourier transformer 15 through the complex multiplier 13 
in the transmitter 3 shown in Fig. 9, the reference com- 
plex signal group may alternatively be directly inputted 
in the inverse Fourier transformer 15. 

While the transmitter 3 shown in Fig. 9 employs the 
complex signal group DO including signals having a pre- 
determined specific pattern and phases which mutually 
vary at random as the reference complex signal group to 
be included in the carrier modulation signal group, fur- 
ther, the reference complex signal group to be included 
in the carrier modulation signal group may alternatively 
be formed by a complex signal group including signals 
having a predetermined specific pattern which are in 
phase with each other under a situation causing no 
power concentration in the OFDM signal. Also in this 
case, amplitude/phase distortion can be removed by 
simple operations (multiplication and division), similarly 
to the first embodiment. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
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same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 5 v 

5 

Claims 

1. A method of transmitting an orthogonal frequency 
division multiplex signal from a transmission side to 

a receiving side in every symbol of a prescribed io 
length through a wire or wireless transmission path, 
said method comprising: 

a first step of transforming a carrier modula- 
tion signal group deciding the phases and ampli- 
tudes of a plurality of carriers being orthogonal to is 
each other on the frequency axis to said orthogonal 
frequency division multiplex signal on the time axis 
by performing inverse Fourier transformation in 6. 
every symbol; and 

a second step of adding front and rear guard 20 
intervals, including data being identical to those of 
rear and front end parts of each symbol of said 
orthogonal frequency division multiplex signal, to 
front and rear parts of said symbol respectively and 
transmitting the same to said receiving side. 25 

2. The method of transmitting an orthogonal frequency 
division multiplex signal in accordance with claim 1, 
further comprising a third step of complex-multiply- 
ing said carrier modulation signal group by a refer- 30 
ence complex signal group on the frequency axis, 

said first step being adapted to transform a 
complex multiplication result being obtained in said 
third step to said orthogonal frequency division mul- 
tiplex signal. 35 

3- The method of transmitting an orthogonal frequency 
division multiplex signal in accordance with claim 2, 
wherein said third step is adapted to complex-multi- 
ply each said carrier modulation group by a result of 40 
complex multiplication, being carried out in advance 
of a constant symbol, serving as said reference com- 
plex signal group with respect to each said symbol 
of said carrier modulation signal group. 

45 

4. The method of transmitting an orthogonal frequency 
division multiplex signal in accordance with claim 2, 
further comprising a fourth step of generating a com- 
plex signal group having a predetermined specific 
pattern with signals varying in phase at random. so 

said third step employs said complex signal 
group being obtained in. said fourth step as said ref- 
erence complex signal group with respect to each 
said symbol of said carrier modulation signal group, 7. 
and 55 

said first step ordinarily transforms said com- 
plex multiplication result being obtained in said third 
step to said orthogonal frequency division multiplex 
signal, while periodically transforming said refer- 



ence complex signal group to said orthogonal fre- 
quency division multiplex signal. 

The method of transmitting an orthogonal frequency 
division multiplex signal in accordance with claim 2, 
further comprising: 

a fifth step of transforming said orthogonal 
frequency division multiplex signal being transmitted 
from said transmission side to a receiving carrier 
modulation signal group corresponding to said car- 
rier modulation signal group in every symbol of said 
prescribed length, and 

a sixth step of complex-dividing said receiv- 
ing signal group being obtained in said fifth step by 
a prescribed reference complex signal group on the 
frequency axis. 

A transmitter for an orthogonal frequency division 
multiplex signal, being an apparatus for transmitting 
said orthogonal frequency division multiplex signal 
to a receiving side in every symbol of a prescribed 
length through a wire or wireless transmission path, 
said transmitter comprising: 

memory means storing a reference complex 
signal group: 

complex multiplication means complex-multi- 
plying a carrier modulation signal group deciding the 
phases and ampl itudes of a plurality of carriers being 
orthogonal to each other on the frequency axis by 
said reference complex signal group being stored in 
said memory means on the frequency axis, for out- 
putting a transmission carrier modulation signal 
group; 

inverse Fourier transformation means per- 
forming an inverse Fourier operation on said trans- 
mission carrier modulation signal group being 
outputted from said complex multiplication means in 
every symbol thereby transforming said transmis- 
sion carrier modulation signal group to said orthog- 
onal frequency division multiplex signal on the time 
axis; 

guard interval addition means adding front 
and rear guard intervals, including data being iden- 
tical to those of rear and front end parts of each sym- 
bol of said orthogonal frequency division multiplex 
signal outputted from said inverse Fourier transfor- 
mation means, to front and rear parts of said symbol 
respectively; and 

transmission means transmitting said orthog- 
onal frequency division multiplex signal having 
added said front and rear guard intervals to said 
receiving side in every symbol. 

The transmitter for an orthogonal frequency division 
multiplex signal in accordance with claim 6, wherein 
said memory means stores a complex multiplication 
result of said complex multiplication means in 
advance of a constant symbol as said reference 
complex signal group. 
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& The transmitter for an orthogonal frequency division 
multiplex signal in accordance with claim 6, wherein 
said memory means stores a predetermined com- 
plex signal group as said reference complex signal 
group, 

said complex multiplication means complex- 
multiplies said carrier modulation signal group by 
said reference complex signal group being stored in 
said memory means on the frequency axis for out- 
putting the same, and 

said inverse Fourier transformation means 
ordinarily transforms a complex multiplication result 
being outputted from said complex multiplication 
means to said orthogonal frequency division multi- 
plex signal in every symbol, while periodically trans- 
forming said reference complex signal group being 
outputted from said memory means to said orthog- 
onal frequency division multiplex signal. 

9. The transmitter for an orthogonal frequency division 20 
multiplex signal in accordance with claim 8, wherein 
said memory means holds an output of pseudo- 
noise signal generation means generating a 
pseudo-noise signal as said reference complex sig- 
nal group. 25 

1 0. The transmitter for an orthogonal frequency division 
multiplex signal in accordance with claim 8, wherein 
said memory means holds an output of frequency 
sweep signal generation means generating a fre- 30 
quency sweep signal as said reference complex sig- 
nal group. 

1 1 - A receiver for an orthogonal frequency division mul- 
tiplex signal, being an apparatus for receiving said 35 
orthogonal frequency division multiplex signal being 
transmitted from a transmission side in every symbol 
of a prescribed length through a wire or wireless 
transmission path, said receiver comprising: 

Fourier transformation means performing a 40 
Fourier transformation operation on said orthogonal 
frequency division multiplex signal on the time axis 
in every symbol, thereby transforming said orthogo- 
nal frequency division multiplex signal to a receiving 
carrier modulation signal group on the frequency 45 
axis; 

memory means storing said receiving carrier 
modulation signal group being outputted from said 
Fourier transformation means every constant sym- 
bol as a receiving reference complex signal groip; so 
and 

complex division means complex-dividing 
said receiving carrier modulation signal group being 
outputted from said Fourier transformation means 
by said receiving reference complex signal group 55 
bang stored in said memory means on the fre- 
quency axis. 



12, A method of transmitting an orthogonal frequency 
division multiplex signal from a transmission side to 
a receiving side in every symbol of a prescribed 
length through a wire or wireless transmission path, 
said method comprising: 

af irct step of forming a carrier modulation sig- 
nal group for deciding the phases and amplitudes of 
a plurality of carriers being orthogonal to each other 
in every symbol on the frequency axis; 

a second step of generating a complex signal 
group having a predetermined specific pattern with 
signals varying in phase at random; 

a third step of complex-multiplying said car- 
rier modulation signal group by said complex signal 
group in everysymbolonthefrequencyaxis. thereby 
randomizing the phases of respective signals of said 
carrier modulation signal group; and 

a fourth step of ordinarily transforming said 
carrier modulation signal group having said signals 
being randomized in phase in said third step to said 
orthogonal frequency division multiplex signal on the 
time axis by performing inverse Fourier transforma- 
tion in every symbol while periodically transforming 
said complex signal group to said orthogonal fre- 
quency division multiplex signal by inverse Fourier 
transformation, for transmitting the same to said 
receiving side respectively. 
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